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The natural occurrence of an inflammatory reaction in the lung of the albino 
rat is now a  matter of common knowledge.  The condition being progressive 
with ultimate purulent  cavitation is sometimes referred to as bronchiectasis. 
Since it is initially a bronchopneumonia it will be regarded as such in the present 
work and called endemic pneumonia of the albino rat.  It might also be known 
as atypical or symptomless pneumonia as it is so well tolerated by the host that 
its certain recognition is often dependent on a  direct examination of the lung. 
It is known that the disease is universally distributed and that its development 
though unrelated to the diet of the host is correlated with its age, immature rats 
being significantly less susceptible than adult animals.  Aside from these facts, 
however, there is little knowledge of its natural history. 
The rat itself has been one of the chief handicaps in  the study of endemic 
pneumonia,  the younger animals being relatively resistant and the older ones 
showing a  high natural incidence of pulmonary involvement.  Moreover, the 
rat is subject to a second and distinct respixatory disease, called by us (1) infec- 
tious catarrh, which may also result in pneumonia although it more commonly 
affects the nasal passages and the middle ears.  This disease is likewise widely 
distributed and may coexist with endemic pneumonia. 
Some years ago Nelson and Gowen (2) attempted to establish a disease-free  colony 
of albino  rats  by selective  breeding.  The procedure was successful  in  eliminating 
infectious  catarrh but failed to free the colony of endemic pneumonia.  It was noted, 
however, that the rate and severity of the pulmonary reaction was appreciably reduced 
after selection.  At  that  time  (1931) there  was  no  adequate  explanation  for this 
difference,  infectious  catarrh not  having been recognized  as  a  distinct  entity until 
later (1940).  It now seems probable that this discrepancy before and after selection 
was due  to the  elimination  of infectious  catarrh which  in  the  original  colony had 
coexisted  with  endemic pneumonia. 
In  1939 King  (3)  undertook  to  eliminate  labyrinthitis,  with  its  resultant  dis- 
equilibration, from a  colony of albino rats with a  high natural rate  of the  disease. 
Gray, captive, female rats known to be rarely infected were used as foster mothers 
for albino  rats  removed from their mothers at or soon after birth.  Eventually a 
group of disease-free albino breeders was obtained and used as the nucleus of a colony 
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which subsequently remained essentially free  of  the  disease.  With respect to en- 
demic pneumonia, however, the results of Miss King's procedure were similar to ours. 
Her method was successful  in ridding the colony of labyrinthitis but failed to free it 
of endemic pneumonia. 
Since there was no entirely suitable natural host at hand for experimental 
purposes it seemed desirable to attempt the transmission of endemic pneumonia 
to some other host in which it did not occur as a natural disease.  We (4) had 
shown earlier that the white mouse was highly susceptible to infectious catarrh 
of the albino rat, and having at our disposal a  mouse colony which had been 
notably free from any respiratory disease for many years, the mouse was chosen  ' 
as an alternative host.  The work herewith reported is concerned with our en- 
deavor to reproduce experimentally in the mouse the type of  reaction which 
occurs naturally in the lung of the rat. 
Source and Nature of the Material Used in the Mouse Transmission Experiments 
Unless otherwise indicated the material used in the following experiments 
was obtained from the selected colony of albino rats maintained at The Rocke- 
feller Institute in Princeton.  The rats in this colony tend to develop pneumonia 
as they mature but are free from infectious catarrh.  Material from other rat 
colonies was generally unreliable because of the  coexistence of endemic pneu- 
monia and infectious catarrh.  One additional source of uncomplicated endemic 
pneumonia was furnished, however, by a group of albino rats obtained through 
the courtesy of Miss Gladys Sperling from a colony maintained at CorneU Uni- 
versity in Ithaca, New York. 
The pneumonia rate originally reported for adult rats, upwards of 1 year in age, from the 
selected colony was 52 per cent as compared with 78 per cent in rats from another unseleeted 
colony (2).  There was no pneumonia in young rats, 3 to 4 months old, from either colony. 
None of the rats from the selected colony, in either age group, showed middle ear involvement. 
Beginning in 1940 when the colony was approximately 10 years old, 70 additional adult rats 
9 to 14 months old were killed and examined.  The incidence of pneumonia in these rats was 
62.8 per cent.  During this period 100 young rats, 1 to 3 months old, were also examined and in 
contrast  to the original findings 8 per cent showed pneumonia at autopsy. 
As noted earlier by Hektoen (5) and by Nelson and Gowen (6), there was a marked varia- 
tion in the lung lesions from rat to rat and from lobe to  lobe in the same rat.  In general 
two types  of reaction were observed.  The first was characterized by partial or complete 
consolidation of one or more lobes with localized abscess-like areas containing exudate.  The 
second type showed small patchy or spherical loci of consolidation which contrasted sharply 
with the surrounding normal lung tissue when examined with a dissecting microscope.  Low 
power magnification was regularly employed in the subsequent examination of the lung from 
both rats and mice.  The two types of reaction were about equally divided, 21 of the 44 adult 
rats with pneumonic lungs showing the first type and 23 the second. 
Involvement  of the middle ear is not a characteristic finding in endemic pneumonia as it 
is in infectious catarrh.  No cases of otitis were observed in the 50  adult rats originally ex- 
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purulent exudate in the middle cars, a rate of 4.2 per cent as contrasted with 72 per cent in the 
adults from the unselected colony.  Two of these cases were observed before mouse tests 
were used but microscopic examination of the exudates  failed to  show the  characteristic 
coccobacilliform  bodies of infectious catarrh.  The third was tested in mice with results that 
pointed to a direct relation with endemic pneumonia, indicating that otitis while rare may be 
an accompanying feature of the disease. 
Endemic pneumonia may also be accompanied by a  frank rhinitis with a copious mu- 
copurulent exudate present in the nasal passages but it is of rare occurrence in the selected 
rat colony.  A low-grade irritation of the nasal mucosa, particularly in adult rats, is some- 
times  indicated  by  the  microscopic presence of  leucocytes  without  definite  exudation. 
Snuffling may likewise be observed but is such a  variable symptom that it is of doubtful 
d/agnostic value.  It occurs in young rats with no evidence of pneumonia at autopsy and may 
be absent in adult rats with advanced lesions in the lung. 
The Nasal Instillation of Mice with Pneumonic Lung Suspensiona from 
Adult Albino Rats 
The first experiment in which mice were injected intranasally  with a suspen- 
sion of pneumonic lung tissue from old albino rats resulted in an inflammatory 
irritation of the lung, middle ears,  and nasal passages.  The symptoms and 
macroscopic pathologic findings of the infected mice were then indistinguishable 
from those of infectious catarrh (7) and it was feared that this disease had re- 
appeared in the previously free rat and mouse colonies.  Subsequent micro- 
scopic examination of these and other infected mice clearly indicated that this 
was not the case and that a disease entity distinct from infectious catarrh had 
been transmitted to the mice through the agency of the rat lung suspension. 
In the initial experiment 5 white mice, 1S to 18 gm. in weight, were injected intranasaUy 
while under ether anesthesia with a lung suspension from two 12 months old albino rats.  The 
suspension included both  pneumonic and normal  appearing  lung tissue which was  finely 
divided with a glass tissue grinder and diluted to a concentration of approximately 10 per cent 
with normal or buffered saline solution (pH  7.4).  About 0.05 ml. was instilled nasally in 
anesthetized mice by dropping the suspension from a syringe on the nares.  A similar pro- 
cedure was followed in all of the subsequent work. 
Four weeks after  injection 3 of the 5 mice, which then chattered  intermittently, were 
killed and at autopsy showed consolidation of one or more lobes of the lung together with a 
purulent otitis and a mucopurulent rhinitis.  The 2 remaining mice, which also chattered, 
were used in a contact experiment but subsequently died and were not examined. 
From time to time 13 additional transfers were made from diseased rats to 
mice.  All of  these  transfers were  followed by a  recognizable inflammatory 
reaction which was most commonly observed in the lung of the injected mice. 
In 8 instances all of the 5 mice which were used with each transfer showed evi- 
dence of pulmonary involvement at autopsy.  Six of the transfers failed to in- 
fect all of the mice, one or more being normal throughout at autopsy.  In one 
case, only a  single mouse showed evidence of disease. 
Thirteen of the 14 mouse transfers were made from the Princeton strain of albino rat and 
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and all showed lung lesions at autopsy.  In one transfer from the Princeton strain the sus- 
pension was made from middle ear exudate. 
Transmission  of the Experimental Disease in Mice by Nasal Instillation 
The mouse disease experimentally induced through the agency of the rat was 
readily transmissible from infected to normal mice by the nasal instillation of 
lung suspensions.  Two separate injection series in mice originally begun with 
lung suspensions from the Princeton strain  of rat were maintained for 8 and 13 
passages, respectively.  The survivors of  the 5 mice used with each passage 
were killed at intervals of at least 4 weeks after injection and invariably showed 
unmistakable evidence of the disease at autopsy.  The mouse disease originat- 
ing from the CorneU strain of albino rat was also transmissible in series and was 
maintained for 5 passages. 
The Princeton strain of white mouse used in these and the subsequent experiments had 
been under close scrutiny for many years with no indication of respiratory disease.  Since 
the transmission experiments involved the serial passage of lung suspensions, a  method em- 
ployed for the detection of infective agents which are supposedly latent or inactive, parallel 
passage series were conducted with lung suspensions from normal mice.  Five mice removed 
at random from the stock colony were killed and a  10 per cent suspension prepared in saline 
from the whole, normal appearing, pooled lungs.  This was injected intrauasaliy in 5 mice 
which were  killed after 4  weeks and the same procedure  continued.  Two  separate series 
embracing the entire period of the work on endemic pneumonia were carried out and main- 
tained for 25 and 10 passages respectively.  The lungs of the 175 mice used in these tests 
were all normal at autopsy, at the end of the 4th week.  In several passages a duplicate group 
of mice were injected and killed 7 to 10 days later.  The lungs of these mice were also normal. 
Transmission  of the Experimental Disease in Mice by Direct Contact 
Preliminary attempts to transmit the mouse disease by placing 5 normal mice 
in the same cage with a single infected host for 4 weeks were largely unsuccessful 
Thirteen of the 15 mice killed after a month's exposure were normal throughout 
at autopsy while 2 showed only an otitis.  Subsequent experiments indicated 
that the incidence of disease for this time interval was not significantly affected 
by the number of infected hosts to which the normal mice were exposed.  In- 
creasing the proportion to equai numbers of each failed to increase the number 
of infected mice after 4 weeks of exposure.  The time elapsing between nasal 
injection of the infected hosts and their exposure to normal mice likewise failed 
to affect the rate of transmission.  It was equaUy low after a month in contact 
whether exposure was begun immediately after nasal injection of the infected 
mice, 2 weeks Inter, or 7 weeks later. 
The rate of contact infection was influenced, however, either by the duration 
of the exposure period or by the length of time the normal mice were held after 
exposure.  In 6 of 10 mice exposed for 8 weeks to an equal number of infected 
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some significance that the normal appearing lungs from the mice with otitis 
were infective on subsequent nasal injection, while those from the ofitis-free 
mice exposed for a period of 4 weeks were non-infective.  The 4 survivors of 10 
mice exposed for 12 weeks and then held for an additional  20 weeks showed 
extensive pneumonia at autopsy in addition to otitis. 
Transmission from Sources Other Than the Lung and by Different Routes 
It was previously noted that the experimental disease was transmissible to 
mice by the nasal injection of middle ear exudate from infected rats.  Middle 
ear exudate was similarly effective in its passage from mouse to mouse, as was 
also nasal exudate.  In both cases the disease pattern was identical with that 
produced by lung suspensions.  Brain, spleen, and defibrinated blood from the 
heart of infected mice were innocuous, however, on nasal instillation. 
Attempts to reproduce the disease by routes other than the upper respiratory 
tract were uniformly unsuccessful.  Mice injected in the foot pad, heart, peri- 
toneal cavity, or brain with active lung suspensions showed no specific response. 
The intracerebral series included a  second passage made with both Princeton 
and Swiss strains of mice.  The passaged brain was finally injected intranasally 
in Princeton mice with negative results. 
The Appearance of Lesions in Mice Killed at Varying Inte~als 
after Nasal Instillation 
No reaction was observed in the lung, middle ear, or nasal passages of mice 
killed on the 3rd and 7th day after injection.  The experimental disease was 
transmissible, however, from the normal appearing lungs removed on the 7th 
day. 
Pneumonia was first observed  on the 9th  day after injection,  occurring in 
each of 5  mice, but  otitis was delayed until the 21st  day, when  2 of 5  mice 
showed exudate in the middle ears.  Rhinitis was apparent in only one mouse 
of this series and was also observed on the 21st day.  Chattering was noted as 
early as the 7th day following nasal instillation but was not characteristic until 
the 9th to the 14th day. 
The Nature of the Experimental Disease in Mice 
The following summary of the chief characteristics of the experimental disease 
is compiled from the records of several hundred infected mice examined at inter- 
vals over a period of 3 years but embracing all seasons of the year. 
Cttattering.--The initial  symptom  was an audible intermittent  chattering  observed as 
early as the 7th day after the nasal instillation of 10 per cent suspensions but more commonly 
delayed until the 10th to the 14th day.  It became more  prominent as the disease progressed 
and continued throughout the life of the host. 
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per cent in 100 mice.  Macroscopically it was characterized by gray or pinkish gray areas of 
consolidation which commonly appeared first at the attachment of a  lobe but also  occurred 
marginally or at the tip.  The initial reaction remained localized or subsequently extended 
to include an entire lobe, the azygos and right middle being most commonly involved.  The 
lobe at this time was generally contracted and under low magnification appeared uniformly 
consolidated or showed lobular areas of different consistency and color.  Abscess formation, 
cavitation, or the presence of a frank exudate on the  cut  surface  of  consolidated areas  was 
not  observed. 
Microscopically the early reaction in which the lung showed isolated patches of consoli- 
dation was characterized by the presence of exudate composed chiefly of polynuclear leuco- 
cytes and often sparse in amount within one or  more  bronchioles.  The  lymphocyti  ccells 
around the involved bronchioles were moderately increased in number.  Radiating outward 
from them were islands or strands in which the alveoli were completely filled with cells.  A 
large  mononuclear epithelial-like cell often predominated but polynuclear leucocytes were 
also commonly observed together with a  few lymphocytes.  The adjacent lung tissue was 
normal in appearance. 
The later reaction with lobar consolidation showed a complete alteration in the microscopic 
structure of the lung.  The chief feature was an intense lymphocytic infiltration around all 
bronchioles which were  often filled with a  leucocytic exudate.  The  adjacent lung tissue 
contained no open air spaces.  All of the alveoli were compressed and filled with cells, among 
which the large mononuclear cell was again prominent.  No inclusion bodies were observed. 
Otitis Media.--The  rate of middle ear involvement was also high--94 per cent in 100 mice. 
At autopsy a  turbid exudate variable in volume and consisting chiefly of polynuclear leuco= 
cytes was present in the tympanic cavity.  Generally there was no other indication of aural 
irritation; equilibrium was unaffected, but in a  few instances the tympanic membrane was 
under pressure and bulged outward. 
Rhinigs.--The rate of nasal involvement was low--31 per cent in 100 mice.  Irritation of 
the upper air passages was judged by the presence or absence of a  frank exudate removable 
with a capillary pipette.  When present the exudate varied in consistency but was generally 
a  rather thick, white, granular material showing a  predominance of polynuclear leucocytes. 
An outward discharge from the nasal passages was never observed. 
General Reavtion.--Prior to  the onset of chattering and for some time thereafter infected 
mice commonly showed no other symptoms, though when weighed after 4  weeks,  prior to 
autopsy, it was apparent that they had failed to gain weight normally.  As the disease pro= 
gressed signs of constitutional disorder began to appear.  The infected mice were unthrifty in 
appearance, often gaunt, and showed ruffed hair.  A few mice held as long as a year continued 
to  show the characteristic features of the disease.  Transmission to  normal  mice was ac= 
complished by nasal passage from the lung. 
Incubation Period.--The  interval elapsing between nasal injection and the appearance of 
symptoms or pathologic changes varied from  7 to  14 days. 
Mortality.--The  disease was  accompanied  by a  specific mortality which increased as the 
disease progressed.  The overall rate for 65 mice maintained for 4  to 22 weeks after nasal 
instillation was 33 per cent.  The incidence of deaths in mice during the 4 to 5 week period 
was 5 per cent, whereas the rate during the 20 to 22 week period was 65 per cent. 
DISCUSSION 
The  preceding  experimental  findings  clearly  indicate  the  regular  establish- 
ment of a  specific disease entity in mice by nasal transfer from the lung and  the 
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thus induced in mice is characterized by a pneumonia which resembles that of 
the rat in its initial involvement of the bronchioles but differs in not progressing 
to bronchiectasis.  Unlike the rat, the mouse also shows a high rate of middle 
ear involvement.  The nasal response in the mouse is similar to that in the rat, 
being characterized by a variable but generally low rate of rhinitis.  Sympto- 
matically and pathologically, aside from  its lower rate of nasal reaction,  the 
mouse disease closely resembles infectious catarrh to  which both the  rat  and 
the mouse are naturally subject.  As  will be shown later, however,  the  two 
diseases can be readily differentiated in the mouse by the microscopic exami- 
nation of exudates. 
The induced disease is regularly transmissible from mouse to mouse by the 
nasal instillation of lung or exudate suspensions.  There is no indication that 
the development of the disease in mice is influenced by a latent infective agent 
present in the supposedly normal mice and activated by passage from lung 
to lung, the corresponding loci in a parallel passage series maintained in normal 
mice being unaffected. 
Transmission by direct contact is also demonstrable but is less readily accom- 
plished and requires a long exposure or maintenance period to bring out the full 
pattern of the disease.  The retarded development is probably correlated with 
the low rate of rhinitis and indicative of a meager output of the causal agent by 
way of the nasal passages.  The only manifestation of the disease in mice ex- 
posed for 4 to 8 weeks is an otitis, the middle ears containing an exudate which 
is fully infective on subsequent nasal passage.  The lungs of mice exposed for 8 
weeks,  though  macroscopically  normal,  may  likewise  be  infective.  There 
would appear to be a difference in organ susceptibility between the lung and the 
middle ear, possibly related to an altered resistance due to the repeated inhala- 
tion of subinfective increments of the causal agent and capable of expression 
only in the lung.  In our experience no counterpart of the induced disease has 
been encountered in mice under natural conditions.  For the disease to exist 
naturally it must be spread by direct contact.  The long exposure period re- 
quired for its development through cohabitation may be a limiting factor in this 
connection. 
The disease established initially in mice by transfer from the rat and subse- 
quently maintained by nasal transmission or direct contact is similar to infec- 
tious catarrh in its chronicity and slow, inevitable progress from which there is 
no apparent recovery.  It is essentially pneumotropic, activity and growth of 
the causal agent being limited to the respiratory tract including the associated 
middle ears.  The distribution of lesions in the lung is, however, unlike that in 
infectious catarrh which may equally involve any of the five lobes.  In the 
present disease, while initial lesions may be present in any lobe,  subsequent 
extension with complete lobar consolidation is generally limited to the right 
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from the primary focus in the other three lobes even after months of residence 
there is likewise suggestive of the interplay of an altered resistance. 
SUMMARY 
A specific disease entity was established in white mice by the nasal instillation 
of lung and exudate suspensions from each of 14 adult albino rats affected with 
endemic pneumonia. 
The  induced disease was characterized  by pneumonia  (96 per cent),  otitis 
media (94 per cent), and rhinitis  (30 per cent).  It progressed slowly after an 
incubation period of 7 to 14 days and was attended by a  variable mortality 
which reached 33 per cent in 22 weeks. 
Maintenance  of  the  disease was  regularly  accomplished  by direct  trans- 
mission from mouse to mouse but only by the nasal route and only from the 
three loci of involvement.  It was also transmissible  by direct  contact  but 
required a  prolonged period of exposure. 
The relation of the disease to infectious catarrh,  which it  closely resembles, 
is discussed. 
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